Antlers function primarily as weapons in male-male competition for breeding opportunities (Bubenik, 1968; Clutton-Brock et al., 1979; Clutton-Brock, 1982) and possibly as symbols of male vigor that females may use to select mates (Geist, 1966 (Geist, , 1991 . Antler size and complexity tend to increase with age (Flook, 1970; Goss, 1983; McCullough, 1982; Solberg and Saether, 1994; Wolfe, 1983) , and both are correlated with male dominance and fighting ability (Bartos et al., 1988; Topinski, 1974) and consequently potential lifetime reproductive success (Clutton-Brock et al., 1988) .
Although relationships between antler characteristics and age have been reported for harvested and culled elk (Cervus elaphus- Flook, 1970; Freddy, 1987; Frisina and Douglass, 1993; McCorquodale, 1989; Wolfe, 1983) , little is known about elk that die of natural causes. In addition to age, other factors that affect antler size are nutrition (Goss, 1983; Nelson and Leege, 1982; Solberg and Saether, 1994) , population density (Clutton-Brock et al., 1982; McCorquodale, 1989) , adult sex ratio (Solberg and Saether, 1994), and mass at birth, the latter through its affect on adult body size (Clutton-Brock et al., 1979 , 1988 Geist, 1991; Hyvarinen et al., 1977; Mech et al., 1991) . Supplemental winter feeding also may be expected to improve antler growth by retarding loss of body mass (Kozak et al., 1994; Taber, 1959) . Finally, parasites and infectious disease can impair quality of secondary sexual traits (Hamilton and Zuk, 1982; Moller, 1991) and impose survivorship costs (Festa-Bianchet, 1989). Each autumn some males of the Jackson elk herd that are heavily parasitized with scab mites (Psoroptes) develop clinical scabies (Samuel et al., 1991; Smith, 1985) . It is unknown how antler size of these parasitized and often emaciated animals compares to unafflicted elk.
My objectives were to: 1) profile antler characteristics of elk that die during winter; 2) investigate relationships of age, population density, adult sex ratio, previous growing season's weather, and supplemental feeding to antler size; 3) evaluate the rela-tionship of antler size to parasitism by scab mites; and 4) evaluate if antler size attained in adult elk was a reflection of early development. Annual classification counts of the elk were conducted in February from feed trucks to estimate number of adult males (>2 years old), yearling males, females (>1 year old), and calves on the Refuge. To these counts, I added number of males > 1 year old that had died earlier in winter to determine total number of males present.
STUDY
I used analysis of covariance (ANCOVA) to test if the effect of disease status on antler mass was significant after adjusting for differences in age of male elk with and without clinical scabies (Sokal and Rohlf, 1981) . For all statistical tests, P < 0.05 was considered significant.
RESULTS
Mean age (X = 6.53, SE = 0.19) of 215 male elk -1 year old that died on the NER during winters 1989-90 through 1993-94 varied annually (F = 2.58, d.f = 4, 202, P = 0.04). Only 5% of mortalities exceeded 10.5 years of age, and they were combined into a 11.5 age class.
Antler measurements were obtained from 193 elk, and antler mass was obtained from 114 of the 215 male elk. Just 1 of 17 (6%) yearling males had more than one point on (r2 = 0.76, F =  18.9, d.f. = 1, 6, P = 0.005 ) and the daily ration that their mothers received (r2 = 0.83, F = 30.0, df. = 1, 6, P = 0.002) during their birth year varied inversely with mean antler mass that males produced during the year of their death. Those data suggest that the maintenance rations fed to elk had no positive effect on antler mass of males, whereas winter temperatures and duration of winter did. (Freddy, 1987) , Banff National Park (Flook, 1970), New Mexico (Wolfe, 1983) , and Montana (Frisina and Douglass, 1993) were less than ages of winter mortalities on the NER. during 1991-1995 ranged from 3.6-4.2  years (SE = 0.10-0.20, n = 3,790-S. L.  Cain, in litt.) , compared with 6.5 years (SE = 0.19) for winter mortalities. These data suggest that male elk are harvested at an average age that is younger than elk that die of causes not associated with hunting.
DISCUSSION

Mean ages of male Rocky Mountain elk harvested in Colorado
Likewise, mean ages of male elk >1-yearold harvested during migration to the NER
Classifications of elk on the NER showed that 17. Male elk with clinical scabies were older (X = 7.5, SE = 2.2 years) than those in which scabies was absent (X = 5.1, SE = 3.5 years), as previously reported for winter 1982-1983 on the NER (Smith, 1985) . Elk achieve maximum body mass, scrotum circumference, and sperm production when 7 years of age (Flook, 1970; Haigh, 1984) . Male elk with scabies, had on average, reached the age of maximum breeding potential (Clutton-Brock et al., 1988) .
Clinical signs of scabies appear in male elk subsequent to the fall rut (Smith, 1985) . The heavier age-adjusted antlers of males with scabies suggests that larger-antlered males may have been predisposed to mite infestations. Given the competitive advan- Temperatures during the growing season preceding their deaths and ambient temperatures when male elk were in utero are presumed independent effects on antler mass. The former effect emphasizes the sensitivity of antler growth to prevailing foraging conditions during each year of cervid's lives (Bubenik, 1982; Taber, 1959; Vogt, 1948) . The latter provides further evidence of the persistent effects throughout their lifetimes that environmental conditions during the year of birth manifests on growth, reproductive success, and survival of cervids (Albon et al., 1987; Mech et al., 1991) . Finally, supplemental winter feeding of free-ranging elk, at maintenance rations provided on the NER, cannot be justified as a means of producing larger young at birth or larger antlers.
